Abstract: Fingerprints, DNA, and dentition are the principal markers used for forensic identification. Frequently used dental characteristics for identification include evidence of dental procedures, such as restorations, root canal therapy, crowns, and extractions. The purposes of this preliminary study were to define dental parameters in panoramic radiographs to generate dental patterns for forensic identification, to evaluate intra-and inter-observer effects on the assessment of these parameters, and to determine the optimum number of parameters to be used in dental coding for diversity studies. In total, 11 dental parameters (virgin, missing, filling, crown, defect, residual root, bridge pontic, dental implant, endodontic treatment, impacted, and dental anomaly) were defined and the details of the coding were shown. Based on the definition of the specified parameters, dental patterns were determined from 169 panoramic radiographs. Overall, intra-and inter-observer agreements were 97.48% and 94.48%, respectively. The effects of each parameter on diversity were evaluated. When 4 and 6 base parameters and all 11 parameters were used, the diversities for full dentition were 99.31%, 99.95%, and 99.95% respectively. It was concluded that from panoramic radiographs with the 11 specified parameters, an optimum number of 6 parameters (virgin, missing, filling, crown, defect, and impacted) can be used readily and reliably to study the diversity of dental patterns for forensic identification.
IntroductIon
The identification of victims of criminal incidents and mass disasters as well as unknown living people is important to family members and friends, the legal authorities, and the community, for moral, social, and legal reasons [1, 2] . Fingerprints, DNA, and dentition are the primary markers used for forensic identification [3, 4] . Teeth serve as a valuable identification tool, particularly in those cases when the body is severely burned, decomposed, or skeletonized and fingerprints are lost, because they are the most resistant part of the body and are not easily destroyed [1, 3] . Dental identification is a highly efficient, reliable, and time-effective method [4, 5] .
It is based on the comparison of dental records, including radiographs, written charts and notes, photographs, and dental casts [1, 5] . Frequently used identification tools are dental procedures, such as restorations, root canal treatments, crowns, and extractions. In addition, the morphology of crowns, roots, and dental pulp, trabecular bone patterns, unusual pathology, and the relationship between teeth and other anatomical structures, such as the maxillary sinus and mandibular canal, can be used [1, 5, 6] .
Comparative dental identification is based on the assumption of uniqueness of dentition [1, 7] . However, the uniqueness of dentition can only be demonstrated if all possible parameters are compared between dentitions A preliminary study of dental patterns in panoramic radiography for forensic identification and no matches are detected [8] . Because of the impossibility of proving it, the use of the term "unique" is neither scientific nor favoured [9] . Therefore, the measure of "diversity" has been used to validate dental identification [5, 7, [10] [11] [12] [13] [14] [15] .
There have been few studies on the diversity of dental patterns for forensic identification [5, 7, [10] [11] [12] [13] [14] [15] [16] . These studies can be divided into two groups in terms of the dental records used: dental charts and notes [5, [10] [11] [12] versus radiographs [7, [13] [14] [15] [16] . Radiographs are essential for identification in forensic odontology, because they reveal details and provide reliable and objective information. In particular, panoramic radiography is a useful technique for identification [6, 14, [17] [18] [19] . Previous studies with panoramic radiographs have used various dental characteristics to form a dental pattern [7, [13] [14] [15] [16] . However, it seems that there is no standardized set of dental parameters used in studies on the diversity of dental patterns on panoramic radiographs.
This preliminary study had several purposes: to define the dental parameters in panoramic radiographs to form dental patterns for forensic identification, to examine the concordance within (and between) observers, and to determine the optimum number of parameters to be used in dental coding for diversity studies in the future.
MAterIAls And Methods
The investigational protocol for the study was approved by Hacettepe University Local Ethics Committee (GO 15/343). In total, 250 panoramic radiographs from patients who visited the Department of Dentomaxillofacial Radiology for routine dental examinations were selected randomly. Radiographs with incomplete development of any tooth other than third molars, with supernumerary teeth, or with extraordinary findings, such as orthodontic splints, osseous morphological variation, pathologies, and soft tissue calcification, were excluded. Then, 75 of 250 panoramic radiographs were separated to define dental parameters. The remaining 175 radiographs comprised the study group. In all, 6 of the 175 panoramic radiographs were excluded due to distortion, superimposition, or insufficient density, which impeded coding. The remaining 169 panoramic radiographs were used for the assessment of dental patterns. The study population consisted of 97 women and 72 men with ages ranging from 15 to 84 years old.
In total, 75 radiographs were evaluated by two observers (both dentomaxillofacial radiologists) for possible dental parameters to develop a dental pattern, considering parameters in the literature [14] . Some characteristics that were not seen in the radiographs were considered according to the observers' clinical experience. In total, 11 parameters were defined and clarified for determining dental patterns and other details were explained. These parameters and their codes and definitions are shown in Table 1 . Based on the definition of the specified parameters, 169 panoramic radiographs were evaluated for coding and dental patterns were determined.
To assess intra-observer agreement, coding on 30 randomly selected radiographs was repeated by the first observer after 2 weeks. To assess inter-observer agreement, coding on 30 randomly selected radiographs was performed by the second observer. The inter-and intra-observer agreements, evaluated using the kappa statistic, were 97.48% and 94.48%, respectively ( Table 2 ). The agreements in codings were almost perfect, according to the categorization of the kappa statistic proposed by Fleiss [20] .
To assess the performance of dental identification, two different measures were used: the diversity measure, which is the probability of having an unmatched dental code for a randomly selected pair, and the uniqueness measure, which is the proportion of unique dental codes in the sample. The diversity is a value within the interval (0, 1). A diversity value of 1 indicates that all of the dental codes of the individuals in the sample are different from each other. Diversity values are calculated totally or conditionally, using equations (1) and (2), as described in [10] . The total diversity is calculated using equation (1): where equals 1 if pairs i and j have unmatched dental codes and 0 otherwise. If the numbers of patients whose dental states are either edentulous or unrestored are relatively high, the conditional diversity, given by equation (2), can be used.
where Y is the number of patients with at least one missing or restored tooth and X is the number of patients with one of the following dental states: edentulous or unrestored. Conditional diversity does not consider the matched pairs among X patients (i.e., edentulous and unrestored); thus, it tends to give greater and more homogeneous diversity estimates than total diversity estimates [10] . Uniqueness is a less robust and generalizable measure than diversity because it is very sensitive to sample size. Thus, the uniqueness parameter is used as a descriptive measure for the sample under consideration.
In total, 11 different initial parameters were used for generating dental patterns. To observe the effects of each parameter on diversity, backward recoding of the parameters was used. The algorithm began with 11 parameters, and the total number of parameters was decreased by 1 at each step by converting a selected parameter into a pre-specified category, until 4 and then 6 base parameters remained. The order of conversion was determined depending on clinical importance of the parameters and considering a clinically appropriate and reasonable conversion with the remaining codes. Table 3 shows the conversion steps of dental coding parameters.
results
The distribution of ages for males was slightly higher than that for females. However, the observed age difference was not statistically significant (MannWhitney U test, p = 0.135). The variability of dental codes was independent of age and sex in this preliminary study. The sex and age distributions of the patients are shown in Table 4 . Furthermore, the distribution of ages is shown graphically in Figure 1 .
For full dentition, 166 different dental patterns were observed on 169 panoramic radiographs, 164 individual and two identical. In the first identical pattern, all third molars were impacted and all of the remaining teeth were intact. In the second identical pattern, all third molars were missing and all of the remaining teeth were intact (Table 5) .
Four base parameters were selected for the dental pattern (i.e., no conversion was performed on these parameters). The degree of diversity was estimated at each step given in Table 3 . The estimated diversities are given in Table 6 . It was observed that the amount of diversity decreased significantly (up to 4%) when the parameters impacted (I) and defect (D) were converted into virgin (V). Thus, these two parameters were included as base parameters because they increased the degree of diversity. When six base parameters were determined, the converted dental parameters in Table  3 had minor effects on diversity (up to 0.2%). Thus, the remaining dental codes can be ignored in generating dental patterns. The estimated diversities with six base parameters are given in the last row of Table 6 . The estimated diversity and uniqueness values with changing numbers of coding parameters for complete, maxilla, mandible, and maxillary and mandibular quadrants are shown in Figure 2 . 
dIscussIon
In forensic sciences, radiographic records are considered the most important evidence because they reveal objective information and details. Among dental radiographs, panoramic radiographs are used commonly in dental practice and consequently they are readily available. They also provide the visualization of both jaws and teeth in a single image [6, 14, [17] [18] [19] . In this study, panoramic radiographs were preferred for defining dental characteristics for dental identification because of these advantages.
Dental evidence is legally and scientifically accepted around the world for the forensic identification of victims of crimes and disasters and living people [1, 4, 21] . In the literature, studies to validate dental identification have been performed in the context of bite mark investigations or human identification. In identification cases, non-radiographic or radiographic records were used. In studies of non-radiographic records, the dental codes definitions V-virgin Virgin tooth with no evidence of dental disease, treatment, or anomalies X-missing Extracted or congenital missing tooth
d-defect
Dental caries (enamel caries is not considered a defect) Attrition that appears radiolucent with regular border, such as a cavity (a low degree of dental attrition is not considered a defect) Tooth fracture involving dentine Fallen out fillings Prepared tooth for crown or bridge abutment
r-residual root
Remaining root due to severe defect involving the pulp chamber and above. Small residual root fragment impacted in bone and/or gingiva.
Residual root under the pontic, i.e., R + B = R
F-filling
Tooth with any filling material. Filled tooth with dentin pin. Filled tooth with secondary caries or defect, i.e., F + D = F
c-crown
Tooth with crown or bridge abutment. Tooth with both crown and defect, i.e., C + D = C B-pontic Bridge pontic P-implant Dental implant
t-endodontic treatment/ procedure
Root canal completely or incompletely filled tooth with coronal filling or crown, i.e., T + F = T and T + C = T Tooth in which endodontic post is used with or without root canal filling.
Residual root with endodontic treatment, i.e., T + R = T
I-impacted
Impacted tooth partially or completely in bone or unerupted tooth to the occlusion level.
Impacted tooth with defect, i.e., I + D = I

A-dental anomaly
Microdonti, conic lateral incisor, taurodontism Persistent deciduous tooth with or without its permanent tooth is coded as a dental anomaly with the use of only one code.
other details
In case of two or more codings for the same tooth, only one code is used, and the code that should be used is stated above.
When a canine, one of the premolars, and the first molar are in contact, second premolar is coded as missing. Shifted teeth are coded in their own arrangement, i.e., own numbering. pattern was basically formed from the missing, restored, and unrestored teeth [5, [10] [11] [12] . These studies, based on large sample sizes, concluded that the diversity values of dental patterns formed with these parameters were a useful tool for identification. Studies of the diversity of dentition using radiographic records have examined 300 panoramic radiographs using several dental parameters commonly observed in dental radiographs [7, 13, 14] . Lee et al. [14] examined only permanent teeth and defined eight dental parameters: virgin, missing, and impacted teeth, defects, residual roots, root canal treatments, fillings, and prostheses. They suggested 99.92% diversity for dental patterns in panoramic radiographs of full dentition, and 98.28% and 99.22% for the mandible and maxilla, respectively. In addition to Lee et al. 's [14] parameters, Bhateja et al. [13] included the presence of supernumerary teeth. They found 99.9%, 98.4%, and 98.2% diversity with dental patterns for full dentition, the mandible, and the maxilla, respectively. Kumar et al. [7] used four dental parameters: virgin, missing, restored, and impacted teeth. They reported 99.7%, 82.05%, and 59.0% diversity with dental patterns of the full dentition, the mandible, and the maxilla, respectively. Perez [15] examined 900 panoramic radiographs according to Lee et al.'s [14] parameters and found 99.89%, 99.85%, and 99.81% diversity of dental patterns for the full dentition, the mandible, and the maxilla, respectively. Singh et al. [16] , who proposed a dental coding system in panoramic radiographs for forensic identification, included root angulations, in addition to Lee et al. 's [14] parameters. They reported 100% diversity in dental patterns from 30 radiographs.
In the present study, before the investigation of dental pattern diversity in panoramic radiographs from a large sample, we first sought to define and describe dental characteristics that would be used to form the dental pattern, to test the reliability of the assessment of these parameters, and to determine the optimum number of parameters to be used. With 11, 6 , and 4 parameters, respectively, we obtained 99.95%, 99.95%, and 99.31% diversity for full dentition, 99.43%, 99.41%, and 97.64% for the mandible, and 99.52%, 99.50%, and 97.71% diversity for the maxilla. The diversities for the full 11 parameters did not decrease significantly with the use of only 6 parameters; the change in diversities was ~0.2% for the small sample size. Franco et al. [8] discussed the influence of parameter numbers and the sample size on studies related to the uniqueness of dentition. The match rate between dentition trends increased with the sample size. The sample size must be extended according to the number of parameters considered in such studies. Thus, the slight decrease in diversity that occurs through decreasing the number of parameters from 11 to 6 may be considered clinically significant in large samples, and the optimum parameter number determined should be tested with a larger sample size.
In this study, panoramic radiographs were examined for each possible dental parameter, and 11 parameters were finally defined and described. The parameters bridge pontic (B), implant (P), and dental anomalies (A) were added to those existing in the literature [14] . It was found that the parameters D and I with four base parameters (V, missing [X], fillings [F] , and crowns [C]) increased the diversity values. The remaining five codes, residual root (R), endodontic treatment/procedure (T), B, P, and A, did not increase diversity values significantly. However, these parameters, which can be coded readily, should still be considered, because they may significantly affect diversity in a larger sample size. In particular, the code I may have great utility and may be a beneficial distinctive criterion in forensic identification, because the increasing use of dental implants will increase the frequency of implants as part of dental identification; in cases of severe incineration, implants may be the only dental remains, due to their resistance to environmental insults [22, 23] . In addition, because the frequency of dental characteristics may show differences according to the population, depending on socioeconomic and racial differences, these parameters may have a significant influence on diversity in other populations. Thus, the coding parameters may show better performance for diversity in some populations.
In this study, overall intra-and inter-observer agreements were 97.48% and 94.48%, respectively. Our higher level of agreement may be attributable to the detailed descriptions of the specified parameters. The more detailed definitions of the codes are important in terms of decreasing the subjectivity of interpretations to achieve improved accuracy in coding and consequently in identification. The small differences remaining between observations despite the high intra-and inter-observer consistency may be attributable to the limitations of panoramic radiography, because the ability to visualize structural details and to make diagnoses of dental caries or attrition depend on image quality. The main disadvantage of panoramic radiography is that the images do not reveal the fine anatomical detail available on periapical radiographs. Other problems associated with panoramic radiography include the superimposition of the proximal surfaces of the premolars, the distortion related to patient positioning, and the presence of overlapping structures, such as the cervical spine, particularly in the incisor region [19] . Another factor in differences between observations may be the large number of coding criteria, which makes them hard to remember.
Panoramic radiographs in this study revealed extra findings such as hyperocclusion, sockets, root fracture, root resorption, and apical lesion. Beyond those, the morphological features of virgin teeth and the positions of impacted teeth may provide beneficial distinctive criteria, particularly in a larger sample and for dentition without any restoration or defect. However, these features were not included, because this would not only make the coding more complex but could also increase the subjectivity of the assessment. Root angulations, as proposed by Singh et al. [16] , may be included in future studies as a second step to save time for individuals whose dental patterns match.
In conclusion, panoramic radiographs with 11 specified parameters (V, X, F, C, D, R, B, P, T, I, and A) and an optimum number of 6 parameters (V, X, F, C, D, and I) can be used readily and reliably to form a dental pattern for use in forensic identification. This preliminary study may serve as a reference for investigating the diversity of dental patterns on panoramic radiographs from a larger sample.
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